in choosing long-term and short-term alternatives, people frequently weigh the value of immediate rewards more heavily than the value of delayed rewards (Green, Myerson, lichtman, rosen, & Fry, 1996) . this phenomenon can be viewed as a process in which the subjective value of a reward decreases with time to its receipt. this change in the value of a reward as a function of its temporal proximity is termed temporal discounting (Green, Fry, and Myerson, 1994; Green & Myerson, 1993; lowenstein & Prelec, 1992; raineri & rachlin, 1993) .
rachlin, raineri, and cross (1991) proposed a useful method for examining a temporal discounting function of a reward. they asked participants to this research was supported by a grant (10044001) from the Japanese Ministry of education, culture, Sports, Science and technology. We thank Dr. Masanaga ikegami for preparing the manuscript. correspondence may be addressed to Masaharu takahashi, Department of Psychology, Asahikawa Medical college, Midorigaoka-higashi 2-1, Asahikawa 078-8510, Japan. e-mail: takam@asahikawa-med.ac.jp the Psychological record, 2008, 58, 175-190 make a series of choices between two hypothetical monetary rewards to find the indifference point at which a smaller immediate reward is equivalent to a larger delayed reward. the indifference points are viewed as the present subjective values of delayed rewards. When indifference points are obtained for different delays, an indifference curve can be plotted. Previous research has proposed a hyperbolic function to describe the indifference curve:
where V is the present subjective value of a delayed reward, A is the amount of the reward, D is the duration of the delay, and k is a parameter indicating the degree of temporal discounting (Mazur, 1987) . Higher values of k indicate that the reward is discounted to a greater degree. equation 1 has empirical support in studies of humans choosing hypothetical monetary rewards (for a review, see Green & Myerson, 2004; Ostaszewski, Green, & Myerson, 1998) .
On the other hand, Myerson, Green, and Warusatitharana (2001) indicated that measures of discounting based on estimates of k have several disadvantages. First, the data from a number of individuals were poorly fit by equation 1. Second, there has been considerable variability between participants. third, the use of estimates of a model's parameters may have potential problems created by the lack of consensus regarding the mathematical form of the discounting function. Fourth, distributions of individual parameter estimates were skewed, and such distributions require the use of nonparametric tests that are less powerful than the counterparts of parametric tests (Myerson, Green, & Warusatitharana, 2001) . to avoid these problems, they proposed a method of calculating the area under the empirical discounting function (the area under the curve: AUC) as a more appropriate measure of discounting.
Previous studies on temporal discounting have delineated several factors that affect the degree of discounting represented by k or AUC values, such as amount of reward (Green, Myerson, & McFadden, 1997) , age of participants (Green, Myerson, lichtman, rosen, & Fry, 1996) , income levels of participants (Green et al., 1996) , and monetary inflation (Ostaszewski et al. 1998 ). in addition, recent studies have suggested that rates of discounting might be different between different outcome types within subjects (for a review, see Odum & rainaud, 2003) . For example, drug-dependent persons discounted their drug of abuse delayed in time more steeply than money delayed in time (Bickel, Odum, & Madden, 1999; coffey, Gudleski, Saladin, & Brady, 2003; Madden, Petry, Badger, Bickel, 1997; Petry, 2001) . People with no self-reported problems with money, alcohol, or food also discounted food more steeply than money (Kirby & Guastello. 2001; Odum & rainaud, 2003 ; see also Forzano & logue, 1992) . Although the reasons underlying the differences in discounting rates for food and money are unknown at present, Odum and rainaud (2003) suggested that steep discounting of food may occur as part of a general process by which primary or consumable reinforcers are discounted more steeply than conditioned or nonconsumable reinforcers.
As suggested by Ostaszewski et al. (1998) , however, money may lose value more quickly than other commodities under unstable economic conditions. in addition, there is a possibility that some types of staple food, such as rice for Asians and pasta for italians, may lose value more slowly than unstable money, since people can preserve them for a long period. to examine generality of the finding that food is discounted more steeply than money, the present study was designed to compare discounting rates of unstable currency (baht) and preservable food (rice) during a period of unstable economic conditions in thailand. the thai currency crisis started in 1997, and the thai baht depreciated from 31.34 baht per U.S. dollar to 50.00 baht per U.S. dollar by 1998 (Sussangkarn, 1998) , which led to a sharp decline of the gross domestic product (GDP). in particular, GDP in the financial sector declined by 30%, 34%, and 8% in 1998, 1999, and 2000, respectively (Dekle, Karnchanasai, & Hoontrakul, 2005) . When the present study was carried out in August 2000, the baht was expected to lose value quickly. On the other hand, rice is one of the staple foods in thailand, and it is common for thai people to preserve rice for many months. therefore, it is possible that rice does not lose value quickly in spite of the fact that it is a primary and consumable reinforcer.
Method

Participants
Forty-eight undergraduate students of chulalongkorn University (25 men and 23 women) between the ages of 18 and 24 (M = 20.8) years were paid for their voluntary participation in this study. the participants were treated according to the ethical Principles of Psychologists and code of conduct (American Psychological Association, 1992) .
Procedures
the survey took place in a room of chulalongkorn University in August 2000. All participants sat at desks facing a blackboard, and an experimenter stood at a desk in front of the blackboard. eight to 20 participants were tested simultaneously in this room. the participants made a series of choices regarding hypothetical amounts of rewards. One of the alternatives was a hypothetical reward available immediately (for example, 100 baht now), and the other was a reward available after a specified period of delay (for example, 200 baht within 5 years). the two alternatives were printed on a piece of paper (11 × 8 in. [29.7 × 21.0 cm) . the experimenter stood at the desk in front of the participants and showed them one of the pieces of paper. After the experimenter read two alternatives aloud, each participant indicated his or her preference by checking one of the alternatives on answer sheets described below. the experimenter showed each set of alternatives for about 10 seconds.
Participants were divided into 2 groups, identified as the 200 group (n = 28) and the 2,000 group (n = 20). the sizes of the two groups were unequal owing to failure to recruit participants according to plan. twenty of the 28 participants in the 200 group and 10 of the 20 participants in the 2,000 group were presented with a choice between hypothetical amounts of money (a money condition) and hypothetical amounts of rice (a rice condition) in that order. the remaining 8 participants in the 200 group and 10 participants in the 2,000 group underwent a rice condition and a money condition in that order. the "200" indicated 200 baht and the "2,000" indicated 2,000 baht. that is, the maximum amount of hypothetical alternatives for the 200 group was 200 baht (about 5.5 U.S. dollars) or 10 kg of rice (the participants being instructed that 10 kg of rice was worth about 200 baht), whereas the maximal amount of hypothetical alternatives for the 2,000 group was 2,000 baht (about 55 U.S. dollars) or 100 kg of rice (the participants being instructed that 100 kg of rice was worth about 2,000 baht). therefore, there were four conditions: a 200-baht money condition, a 10-kg rice condition, a 2,000-baht money condition, and a 100-kg rice condition.
At the start of money conditions, participants in each group were given the following instructions in english. For each two-word pair in parentheses, the first word was read and the second word was ignored. the instructions for participants in the 200 group included "200 baht," and the instructions for participants in the 2,000 group included "2,000 baht" at point [A] . there was no sentence at point [B] .
the purpose of the present study is to compare your preference between different amounts of (money/rice) available at different points in time. in this study you will be asked to make a series of choices between hypothetical (monetary/rice) alternatives. As you can see, there are two sets of alternatives. the alternative on your left will offer you an amount of (money/rice) to be (paid/ delivered) right now. this amount will vary from card to card. the amount on the alternatives on your right will be always [A], but its (payment/delivery) will be delayed. [B] Please look at the example alternatives at this time [indicating a sample sheet of paper on which two alternatives were written]. i will read the alternatives aloud. it will be your job to choose between the two alternatives presented and to check the box of the alternative you would prefer. it is important to base your decision on only two alternatives presented on each trial. Do not base your decision on sets of alternatives previously seen or ones you expect to see. there are no correct or incorrect choices. We are interested in the options you would prefer. You will be given five practice trials before you begin. You will get enough practice so do not worry if you feel that you do not understand completely at this time. During the practice please ask me as many questions as you like because once practice is over i can no longer answer your questions.
At the start of rice conditions, participants in each group were also given the above instructions. For each pair of words in parentheses, the first word was ignored and the last word was read. the instructions for participants in the 200 group included "10 kg" and the instructions for participants in the 2,000 group included "100 kg" at point [A] . At point [B] there was a sentence saying "Please assume that this rice is food for you and you are not allowed to sell it or give it to others."
After the participants were given instructions at the start of each condition, they underwent a practice session that included five pairs of alternatives, with the fixed amounts of reward (200 baht, 2,000 baht, 10 kg of rice, or 100 kg of rice) delayed by 2 months on the right and the immediate reward ranging from 91% to 8% of the fixed reward (91%, 87%, 63%, 28%, 8%, in that order) on the left. From the participants' questions during practice, it was clear that the english instructions were adequately understood. After the practice for a 10-kg rice condition, all participants were instructed that 10 kg of rice corresponded to 200 baht. After the practice for a 100-kg rice condition, all participants were instructed that 100 kg of rice corresponded to 2,000 baht. in experimental sessions, there were two alternatives on each sheet of paper for both money and rice conditions. the left alternative was money or rice available immediately, and the right one was money or rice available after a specified period of delay. there were 5 delays-6 months, 1 year, 5 years, 10 years, and 20 years-and all the participants were presented these delays in that order. each delay condition consisted of 50 choice trials. there were 25 amounts of money or rice on the left (immediate money or rice) ranging from 1% to 99% (1%, 2.5%, 5%, 7.4%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 92.5%, 95%, 97.5%, and 99%) of the delayed, with the amount of money or rice on the right fixed. For the first 25 trials (descending cycle), the amounts of money or rice printed on the left decreased from the maximum to the minimum. For the last 25 trials (ascending cycle), the amounts of money or rice printed on the left increased from the minimum to the maximum. each participant was given 10 answer sheets (11 × 8 in. [29.7 × 21.0 cm]), on each of which 25 trial numbers and alternatives (now vs. delay period) were printed.
For each participant, indifference points were calculated by taking the average of the last immediate amount that was chosen on the descending cycle and the first immediate amount that was chosen on the ascending cycle at each of the six delays. Fortunately, the participant did not switch back and forth among the immediate and delayed outcomes. the discounting equation was fit to individual and collective data using StatSoft Statistica 4.1J software. Delays measured in months were used to fit the discounting equation. results table 1 (see Appendix) shows indifference points obtained at each of the six delays for each participant in each condition. theoretically, indifference points should decrease across successively longer delays, as pointed out by Dixon, Marley, and Jacobs (2003) . in the present study, indifference points were generally a monotonically decreasing function of delay. However, there were some deviations from this theoretically ideal pattern. to accommodate some variability in the data, criteria proposed by Dixon et al. (2003) were adopted. Data were considered generally consistent with delay discounting when the indifference points decreased at least twice across successive delay values and did not increase more than once across successive delay values (Dixon et al., 2003) . With these criteria, the data from 7 participants in the 200 group (S16 through S22) and 5 participants in the 2000 group (S42 through S46) were considered inconsistent with delay discounting in money or rice conditions, or both, and were excluded in the following k-value analyses.
For each condition of each participant, values of k were estimated by means of nonlinear curve fitting. Values of k for each individual in each condition are shown in table 1. the function corresponding to equation 1 could not account for the data (that is, r 2 values were not provided) in 6 of 28 cases for a 200-baht money condition (S17 through S20, S23, and S24), 11 of 28 cases for a 10-kg rice condition (S17 through S23 and S25 through S28), 3 of 20 cases for a 2,000-baht money condition (S43 through S45), and 8 of 20 cases for a 100-kg rice condition (S43 through S50). Because of the within-participant nature of the comparison between money and rice in the present study, k values for 12 participants in the 200 group (S17 through S28) and 8 participants in the 2,000 group (S43 through S50), whose r 2 values were not provided in money or rice conditions, or both, were excluded from the k-value analyses. Six participants in the 200 group (S17 through S22) and 3 participants in the 2,000 group (S43 through S45) had already been excluded by means of Dixon's criteria mentioned above. Moreover, k values for 4 participants in the 200 group (S12 through S15) and 6 participants in the 2,000 group (S31, S35, S38, S39, S40, and S41) were also excluded from the k-value analyses, since the proportion of variance accounted for by the hyperbolic equation was less than 0.500 in money or rice conditions, or both, indicating that the hyperbolic model failed to provide an adequate description of discounting in those cases (Dixon et al., 2003) . Figure 1 plots group median subjective values of a reward as a function of the delay until its receipt for 16 participants whose data were considered consistent with delay discounting according to Dixon's criteria and provided r 2 values greater than 0.500 for both money and rice conditions (S1 through S11 in the 200 group and S32, S33, S34, S36, and S37 in the 2,000 group). the subjective value of a reward is represented as a proportion of its nominal amount. the k values obtained for a 200-baht money condition, a 10-kg rice condition, a 2,000-baht money condition, and a 100-kg rice condition were 0. . these findings confirmed the results of earlier studies which reported that equation 2 provides better fits to discounting data than the simple hyperbola (for a review, see Green & Myerson, 2004) . However, there continues to be some controversy regarding how to interpret the parameter s in the hyperbola-like discounting function (Green & Myerson, 2004; Myerson & Green, 1995) , although Green et al. (1994) suggested that s might represent sensitivity to delay and difference in values of s may reflect differences in the amount of experiences with long delay for each participant. On the other hand, comparisons between conditions would be greatly simplified by using a function with a single free parameter. therefore, equation 1 was used in the following analyses.
As shown in Figure 1 , the subjective value of a reward for a 100-kg rice condition was discounted distinctly less steeply than the remaining three conditions. these differences were assessed statistically through comparison of the estimated discounting parameter (k) obtained by fitting equation 1 to data from each individual in each group. regarding amounts of rewards (magnitude effect), there was no significant difference between the median values for the 200-baht and the 2,000-baht conditions (0.073 vs. 0.167, MannWhitney U test, p = 0.34). likewise, there was no significant difference between the median values for the 10-kg and the 100-kg conditions (0.122 vs. 0.034, Mann-Whitney U test, p = 0.25). regarding type of reinforcers (type effect), there is no significant difference between the median values for the 200-baht money condition and the corresponding 10-kg rice condition (0.073 vs. 0.122, Wilcoxon signed rank test, p = 0.59). However, the median value of k in the 2,000-baht money condition was significantly greater than that in the corresponding 100-kg rice condition (0.167 vs. 0.031, Wilcoxon signed rank test, p = 0.04).
AUC was another well-established measure of delay discounting and has the advantage of being able to deal with a wider range of data than the hyperbolic model (Dixon et al., 2003; Myerson et al., 2001) . Unlike data analysis with the hyperbolic function, the AUC does not require that the data conform to any particular model and can be calculated regardless of the form of the indifference curve. As mentioned earlier, however, it might be inappropriate to include individual data that were theoretically inconsistent with delay discounting, since control by independent variable is dubious when indifference points did not decrease across successively longer delays (Dixon et al., 2003) . therefore, individual data that were considered inconsistent with delay discounting by using Dixon's criteria mentioned above (S16 through S22 and S42 through S45) were excluded. the data with r 2 less than 0.500 were included, since AUC does not require that the data conform to equation 1. the AUC were calculated on the basis of normalized values (i.e., subjective value expressed as a proportion of nominal value and delay expressed as a proportion of their maximum value). Subjective values were plotted as a function of delay until its receipt. Vertical lines were then drawn from each data point to the x axis, subdividing the graph into a series of trapezoids. the area under the curve is equal to the sum of the areas of these trapezoids (for details, see Myerson et al., 2001) . AUC values for each individual in each condition are shown in table 1.
regarding amounts of rewards (magnitude effect), the mean value of AUC in the 200-baht condition was slightly greater than that in the 2,000-baht condition (0.238 vs. 0.225), whereas the mean value of AUC in the 10-kg condition was smaller than that in the 100-kg rice conditions (0.240 vs. 0.353). regarding type of rewards (type effect), the mean value of AUC in the 200-baht condition was slightly greater than that in the corresponding 10-kg condition (0.238 vs. 0.240) and the mean value of AUC in the 2,000-baht money condition was smaller than that in the corresponding 100-kg rice condition (0.225 vs. 0.353). A repeated measures analysis of variance (ANOVA) was conducted for the AUC data obtained from four conditions to determine the effects of manipulating (A) type of reinforcers and (B) amounts of reinforcers on the participants' preference for more delayed alternatives. there was a significant main effect for (A) type of reinforcers, F = 7.83 (1, 34), df = 1, p < 0.01, indicating significant difference across reinforcer type. On the other hand, a main effect for (B) amounts of reinforcers was not significant, F = 0.96 (1, 34), df = 1, p = 0.33. However, there was a significant (A) × (B) interaction, F = 7.54 (1, 46), df = 1, p < 0.01. Post hoc analysis with tukey HSD tests revealed that the future 100-kg rice was discounted less steeply than future 2,000-baht money (p < 0.01) and future 100-kg rice was discounted less steeply than future 10-kg rice (p < 0.01). However, future 10-kg rice was not discounted less steeply than future 200-baht money (p = 1.00) and future 2,000-baht money was not discounted less steeply than future 200-baht money (p = 0.97).
Some studies on delay discounting with AUC did not exclude data that were inconsistent with delay discounting (e.g., Odum & rainaud, 2003; Ohmura, takahashi, & Kitamura, 2005) . in fact, it may be natural to include all data in AUC analysis if delay discounting can be exemplified by "lower subjective value of a delayed reward relative to immediate reward" ) without any assumptions regarding mathematical form of discounting function. therefore, a repeated measures ANOVA was conducted for the AUC data of all 48 participants (S1 through S28 and S31 through S50). the results obtained with all data were similar to those obtained with the data from which individual data considered inconsistent with delay discounting using Dixon's criteria (S16 through S22 and S42 through S45) were excluded. there was a significant main effect for (A) type of reinforcers, F = 6.76 (1, 46), df = 1, p < 0.05, indicating significant difference across reinforcer type. On the other hand, a main effect for (B) amounts of reinforcers was not significant, F = 1.12 (1, 46), df = 1, p = 0.296. However, there was a significant (A) × (B) interaction, F = 4.45 (1, 46), df = 1, p < 0.05. Post hoc analysis using tukey HSD tests revealed that the future 100-kg rice was discounted less steeply than future 2,000-baht money (p < 0.05) and future 100-kg rice was discounted less steeply than future 10-kg rice (p < 0.05).
However, future 10-kg rice was not discounted less steeply than future 200-baht money (p = 0.98) and future 2,000-baht money was not discounted less steeply than future 200-baht money (p = 0.96).
Discussion the purpose of the present study was to examine discounting rates of unstable currency (baht) and preservable food (rice). the results indicated that the individual data deviated from equation 1 in many cases. the results were consistent with those of earlier studies which reported that equation 1 frequently provided poor fits to discounting data (for a review, see Green & Myerson, 2004) . therefore, the data inconsistent with equation 1 were excluded from the k-value analyses. For participants whose data were well described with the hyperbolic model in both money and rice conditions, analyses of k values indicated that 100 kg of rice was discounted less steeply than the corresponding 2,000-baht money (type effect). likewise, analyses of AUC values obtained from all participants indicated that 100 kg of rice was discounted less steeply than the corresponding 2,000-baht money (type effect), and 100 kg of rice is discounted less steeply than 10 kg of rice (magnitude effect).
Since the type effect was not found for smaller amounts of rewards and the magnitude effect was not found in monetary conditions, the present results cannot be considered definitive. in addition, as will be mentioned later, the present study has some limitations that must be respected. Nevertheless, some preliminary data of the present study indicate that food may be discounted less steeply than money, at least in some circumstances. this finding seems to contradict the previous finding that food is discounted more steeply than money (Kirby & Guastello, 2001; Odum & rainaud, 2003) . the reasons for discrepancy between the present data and the results of previous studies are not clear at present. However, rice has important features that might be different from food used in the previous studies (pizza in Kirby & Guastello, 2001 , and favorite food in Odum & rainaud, 2003) . First, since rice is one of the staple foods in thailand, it is expected that it will continue to be an attractive reward many years later. Second, since it is easy at least for thai people to preserve rice for a long period, rice is not a perishable reward for thai people. Accordingly, it seems possible that these two features make rice retain its value over time.
For monetary rewards, on the other hand, the present study found steep discounting of money during a period of unstable economic conditions. Ostaszewski et al. (1998) showed that inflation selectively modulates discounting rates of future zloty and the U.S. dollar. they concluded that inflation caused higher rates of discounting for zloty than U.S. dollars, since probabilistic zloty was not discounted so steeply as delayed zloty. Similarly, the present result can be interpreted as suggesting that macroeconomic conditions affected discounting rates of money and rice to different extents. At present, however, the steep discounting of money seen in the present study cannot be attributed solely to economic conditions, since in the present study discounting rates of delayed and probabilistic rewards were not compared. Moreover, the relation between steep discounting of baht and macroeconomic conditions would be more robust if conditions involved choices among comparable amounts of a stable currency and choices among comparable amounts of a highly perishable food. clearly, further research is necessary before a conclusion can be reached about the reasons for steep discounting of baht obtained in the present study.
For magnitude effect, 100 kg of rice was discounted less steeply than 10 kg of rice. this result is consistent with previous studies which showed that the rate of discounting is larger when the amount of reward is smaller (e.g., Green et al., 1997) . However, magnitude effect was not significant for money in the present study. the reasons that the present participants did not show magnitude effect for money are unknown at present, but a few speculations can be made. First, the discrepancy may be due to the fact that for the present study, within-group comparison with small and unequal group sizes was adopted, whereas for most of the previous studies of magnitude effect, within-subject comparison was adopted. Second, it is possible that rates of discounting for 200-baht and 2,000-baht conditions were so large that there was no room for magnitude effect to appear in the present study. in a typical study in which distinct magnitude effect was reported (e.g., Green et al., 1996) , the delayed amounts were 1,000 U.S. dollars and 10,000 U.S. dollars, respectively. thus the amounts of reward used in the present study (5.5 U.S. dollars and 55 U.S. dollars) seemed too small even if we take into account that nominal gross domestic product per capita in thailand (1,952 U.S. dollars) was about one-eighteenth that in the United States (35,069 U.S. dollars) in the year 2000 (international Monetary Fund, 2001 ) and subjective value of 55 U.S. dollars might be much larger in thailand than in the United States.
certain limitations must be considered in the interpretation of the present results. First, amount of reward was manipulated in a withingroup design with small and unequal group sizes. Fortunately, there was a significant magnitude effect in the AUC data for rice conditions in spite of the between-group nature of the amount comparison. However, considering that the magnitude effect was not found for the monetary conditions and the primary effect (more discounting of money than of food) was not found in the larger group (the 200-baht group), it is preferable to conduct future studies with a completely within-subjects design to provide more definitive data. Second, the hyperbolic model failed to account for a relatively large portion of the present data. Moreover, the well-established magnitude effect was not confirmed in the present monetary conditions. consequently, there is a possibility that control by independent variables was insufficient in the present study. thus future research should involve a methodology (e.g., instructions, practice, discriminative stimuli, and so on) to increase the degree to which choices are controlled by amount, delay, and type of rewards. third, the present study examined only delay discounting of two amounts of money and rice and type effect was found for the larger amounts (the 2,000 group) but not for the smaller amounts (the 200 group). therefore, type effect may not be found for amounts of rewards that are different from those used in the present study. clearly, future research should examine the type effect for a wider range of amounts.
in conclusion, the present study, coupled with previous studies in which the effects of reward type (food, drug, and money) on temporal discounting were examined (Bickel et al., 1999; coffey et al., 2003; Kirby & Guastello, 2001; Madden et al., 1997; Odum & rainaud, 2003; Petry, 2001) , suggests that there might be various patterns of type effects on temporal discounting. Hence, further research is needed before a general conclusion can be reached on the effects of primary, or consumable, and secondary, or nonconsumable reinforcers on temporal discounting. 
Appendix indifference Points at each Delay for All Participants
